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MAXINO PROCESS 
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Tlnnspaient and scmitianspaiciil 
dlfliactivc elements, particularly holo- 
gnuns wiOi a diiTiactive pattern created 
al least in one. of two following lay- 
ers wid) difTeient index of refraction: a 
uare^nrent bearing layer (I) from poly- 
mer or copolymer baring index of re- 
fraction n < 1,7, and a holographic 
effect-enhancing, high tefiraclion index 
layer (?) fnmed by cfaakogenide based 
sobstanoes corniaisBig at least one ele- 
ment fiooi the group sulphur, seleaimn, 
tdhninm. sad layer (2) has n > 1.7 and 
its inelling tempeiatmt is lower tion 900 °a llie dilRactive ehmeni can findici cont^ 

and/or a fragile Iqrer (8) and/or an anchoring layer (9). The difiiractive pattern is, either framed io said bearing layer (I) and subsequcoUy 
a high R&ietim index layer (2) (compiisbig one or moiB laycn dnkogenide based substances ofdilfeicnt compoiitio^ witicb caa be 
depedied snbseqnenay or simultaneously) b deposited on the said 1^ (IX or said layer (9 » iintly dqxaited onto said layer (I) and 
difTraclhie pattern is mechanicdly fbnncd into this system. 
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Transparent and semiiransparent diffradive elements, particularly liolograins and llieir 
mailing process. 

Background of the invention 

S This invention relates to a improvement of transpareitt and semitransparent- diffradive 
elements and more particularly to a transparent and semitransparent type hdograms and 
their making process. These (fiffraciive elements are themselves transparent or 
semitransparent in visible (VIS) and/or near infrared (NiR) spectral region and yet are also 
endowed with the characteristics of a reflection type elements bemg observed under suitat)le 

10 angle. It means that reproduction in the transparent or semitransparent element of the 
present invention is effected only within specific reproduction angle range. whBe no hologram 
is recognised at .other ordinary angles. This leads to the advantage that there is no visual 
obstruction of the article on which the diffractive element is laminated. Fig. 1- shows the basic 
constitution of the transparent or semitransparent diffractwe element accercfing to the present 

IS invention. 

Stale of the art 

Demand for holograms has grown not only as the way of the record of sound or information 
but as the eleinents used in such acSvities of human beings as adverfisement. securi^ 
20 sedor.safe^lechruque. protection of product originality, rnoney counterfeit protection etc. 
H is wen Icnown that one of the foDowmg replication technologies is usu^ used for mass 
production of arty diffractive elements in suBable. polymer materials - hot embossing, mjecbon 
moulding and casting. 

I^f micrdstnicture (master copy) is produced by one of the many h^h resolution fabrication 
23 technologies, the inostcornmoniy used being holographic exposure of suitable photosensitive 

material, including chah»genMes (US 3,825.317), direct writing with focused bser and e- 

beam, optical photolithography with subsequent wet or dry etdung. 

In most cases, a nickel shim or stamper is electroformed or replica is produced through 

casting into epoxy resin. These repScas are used for own mass production 61 copies into 
30^ pofymers using irijedion mouUing (CD fabrication), casting (production of gratings for 

spectrophotometeis) or hot embossing, for example hto transparent fbl (M.T. Gale: J. of 

lnn^ScienceandTechnotogy41 (9(1997)211). 

Transparent potynnm rnateiials such as polyethylene wim 

polypropylene n = 1.49. polystyrene 1.6, polyvinyl chloride 1.52 - 1.55. polyester resin 1.52 - 
35 1.57 etc. (for more examples see US patent 4BS6857) or copolymers (for correction of index 
of refraction) can be used for transparent or semHransparent holograms and other diffractive 
elements produdion. Low refraction index value of these polymers or copolymers prepared 
•ftom Ihem detennines their low reflectance (R about 4 %). hence the hologtaphie effect of 
dafeadive stnicture developed n layers of these polymers is insufTidenl (US patent 
40 4856857). Under the term 'hotographic effecT used in the following text we w9i understand 
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the phenomenon, that the hotogram is very intensive in reflected Hght at sMih angle ci 
otiseivalion. Low reflected intensity and thus the drawback of poor brightness of diffFactive 
element recorded in the polymer layer is usually passed by forming a thin metallic film 
(generally Al) on the relief forming face of transparent polymeric layer (M. Miler Holography - 

S theoretical and experimental fundamentals and their appfication, SNTL. Prague 1974 fin 
Czech): M.T, Gale: J. oi Imaging Sdence and Technology 41 (3) (1997) 211). 
Strong improvement of brightness achieved al the cost of loss of the transparency is the- 
main drawback of such technique. Transparency or at least semilransparency of diffractive 
element is required or desired in many applications (for example protective diffractive 

to elements on banknotes, identity cards with photo etc.). Some tedink:al- applications of 
diffractive elements are directly concfitioned by transparency or semitransparency of created 
element (for example microlense array for CCD cameras, polarising filters etc). 
It is further known that to preserve (or to decrease only parfly) the transparent of diffractive 
element and at the same ^mte to improve holographic effect of the hologram recorded in the 

15 polymeric layer (further called layer 1), it is necessary to cover layer 1 by other transparent 
layer (further called layer 2) of different material (further called holographic effect entianctng 
material) which has in general different index of refraction n (Le. h^her or tower ) than 
material of the transparent layer 1 (US patent 4856657, IIS patent 5700550. US patent 
-. 5300764). Hw higher difference bi index of refraction of potymeric bearing layer 1 and 

20 holographic effectenhandng layer 2. the higher holographk: effect can be achieved (US 
patent 4856857). 

It is as wen known that very thin layer (with thKkness to the limit 20 nm) of suitable metal 
(e.g. Cr. Te. 6e) can be used as such layer 2 deposited on the transparent layer 1 in which a 
hok)gram has been hot-fprmed. Such very thin metalfic layer being used, relativety high 

25 transparenqr is preserved, ftelatfvdy strong enhandng of hotographic effect can be achieved 
when the index of refTadiDn of depdsiled metalVc layer is eiLher significanlly lower (e.g. Ag n = 
0,8; Cu n = 0,7) or significanlly higher (e.g. Cr n = 3,3; Mn n = 2,5. Te n = 4,9) than index of 
refraction of transparent layer 1 ( n about 1.5). (US patent 4856857). Such thin metallk: layers 
are deposited at transparent, diffractive element bearing layer 1 by vacuum deposflion 

30 .technique. The drawback of the appycatton of thin metallic layer as hotograpMc effect 
enhancoig mateiid is relalively high melllng p(rint of these materials and thefefore diffioiill 
evapocalkig of many of these metals. An addittonal drawback is Mgh absorplkm coeffideni of 
metals; Already sSght deviafions in the Ihfekness of evaporated metal layer implicate 
agnificant deviatkxe in the transmissivity of the system (layer 1 - bearmg diffractive element 

35 * layer 2 - metaO .ahd moreover upper limit of the permissible thickness is very tow (it 
depends on the metal. Ixit in general It miist not exceed 20 nm (US paterd 4856857)). 
According to our measwements evapotatlbn of eSher 10 nm thick Cr layer or 4 Am thick Ge 
layer on the polymeiie layer decreases its transmissivity down to about 30 % (see Fig. 2). 
In the present art oxkjes of metals (e.g. ZnO. PbO, FejOj, lafiy, MgO etc), hatogeiride 

40 materiats (e.g. TtCI. CuBr. CIFs. ThF* eta) eventually more complex cEelectric materials (e.g. 
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KTactsNbajsOi. Bii(Ge04)3. RbH7As04 etc.) are used single or possibly in several layers 
..deposited criss-cross as tiolographic effect enhandng layers (US patent 4856857). The 
drawtuck of the application of these materials is the fact that their index of refraction values 
are very close to the index of refraction of transparent polymeric layer 1 (&g. index of 
S refraction values are 1,5 for ThF4. 1.5 for SiOj. 1,6 for fiijCh. ^fi for RhH2As04 etc.) (US 
patent 486857). According^ an ampfiOcation of holographic effect is relatively low. Marqr of 
these materiais require again relatively high temperature for their evaporab'on and not least 
some of them are quite expensive or hardly prepareaUe, what obstructs their mass 
appGcation. 

10 Further it is knowa that binary chak»genides of zinc and cadmium as well as compounds 
St^ and PbTe (US patent 4856857). eventually multilayer systems of these chalcogenides 
' with oxides or halides (US patent 5700550) or niultpayer system ZhS and Na3AIF( (US patent 
5300764) can be used as hologiaphic effect enhancing. These materials are endowed vrith 
satisfactory index of refractkm values (e.g. 3.0 for St^ 2,6 for ZnSe. 2.1 for ZhS). But short 

IS wavelength absorption edge of many of these materials (e.g. SbjSj. CdSe. CdTe. ZnTe) Ses 
within near IR region only and these materials are characterised by high values of absorptk>n 
coefficient in VIS. Similarly VMth metal layer used as layer 2. only very thin layers of these 
materials can be used as holographk: effect enhancing layer 2 to achieve at least 
semitransparency of final producL Transparency is again significantly influenced by thickness 

20 deviations. Additional significant dnnvback of these materials is their ditticult vaporization 
(again simBarily v«th metals) given by their high values of tli^ meltng pa'nts T, alfa - ZnS 
1700 "C. beta - ZnS 1020 "C, ZnSe >1100 "C. ZnTe 1238 'C. CdS 1750 "C, CdSe > 1350 'C. 
CdTe 1 121 "C, PbTe 917 *C) (Handbook of Chemistry and Phystes 64th Editnn 1983/84). 
In the present art the process acconfing to the scheme given in Fg. 3 is usually used in the 

25 .inassproduciianctf transparent diffradiveeleniente. Firstly a diffradive pattern is rnade'n the 
layer 1. after H a thin dielectric or metalBc layer is evaporated ^rpendiculaity or under 
specific incidence angle) a subsequently this evaporated layer is ovedapped or laminated by 
another polymeric layer (M.T. Giale: Journal of Imaging Science and Technotogy 41 (3) (1997) 
211). As at»ve mentioned materials (metals, their oxides, halides. binary chalcogenides of Zn 

30 and CdiSb^dnd PbTe) are used as layer 2 inthe production efdiflitacthreelemenls^ 
way. the method has the same draMAacks, ag. high meilihg tm 
deposilkHi, even smaB deviatkms bi the tbfckness cause large devialions in' the transmisdvity. 
comparable index of refractnn of many of these materials with index of refraction of 
p(4ymeric layer 1,'eventually fuH non transparency in VIS. 

3S • ■ ■ 

Sul)ject matter of the invenUon 

The present invention does away with the drawbadcs of the present-day techniques «f 
transparent and semHianspareht dlffradhre elements procbidnn. The. transparent or 

semitransparent diffradive element, partkajlady hokigram of the present invention comprises 
40 a transparent polymeric (or co-polymeric) l^er 1 with n < 1.7 and a hokigraphic effect 
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enhandng layer 2 (Fig. 1). The high refraction index layer 2 consists of matters tiased on 
chalcogenides containing at least one element from the group sulphur, selenium, tellurium 
Mth index of refraction higher than 1,7 and moling point lower than 900 "C. Chalcogenide 
based matters can be binary, ternary or even more complicated chalcogenides and/or 

S- chalcohaSdes and/or interchaicogenides systems containing beside S or Se or Te still as 
more eiectTDpositive element any of Ibe foBowring elements from I. to V. group of periodic 
laUe Cu. Ag. Au. Hg. B. Al. Ga. In. U Si. Ge. Sn. Pb. N. P, As, Sb. BL 
Chalcogenides based matters can contain further transient metal and/or at least one rare 
earth element. e.g. Pr, Eu, Dy. 

10 Transparent or semitransparent diffradive element can further consists of other layers e.g. 
protective layer, adhesive layer, fragile layer, anchor layer. ProlectivB layer protects layer 2 « 
layer 1 against environmental effect or against ijndesbable effed of consecutive exposure 
UV light and improves resistivity of the final product The layer can either be pemianent part 
of the hologram or of the diffradive element oir can be removable. Adhesive layer allows 

IS unrepeatable or repeataUe anchoring of the h<^ram or other diffractive element on 
protected attide. printed document eta The function of fragile layer is to adhere the upper 
layer and the lower layer and yet effect destruction of diffractive element during peeling for 
the purpose of forgery. Anchor layer is used to improve adhesh%.of diffractive element to the 
base supporting sheet or to releasable sheet 'n the case of applicalion as seal, slidcer. label 

20 et& 

Transparent layer l can be inseparable part of some larger product, in such case the Mgh 
' refraction index layer 2 can be for example sprayed on the layer 1. 
PiDcedure of transparent diffradive elements production consists of the fonnation of 
diffradive Tigure in a bearii^ layer 1 and subsequent deposition of high refraction index layer 

25 2. wIdGh is fbrroed with a chalcogenide based matlere of dHferent compositions. The 
deposition of different chalcogenide based matters can be consecutive or simultaneous. 
Altemathre way of transparent and semitransparent diffractive elements production is firstly to 
deposit high fefraction index layer 2 on layer 1 and only after that to originate a required 
difiiacfive pattern Mo high refraction index layers at elevated temperature for example using 

30 hoi embosstrigtechidque. If the depth of diffradive pattern is greater ttianft^ 
high refbdion index layer 2 (very commoR sllualionX practically idenlfe^ 
obUhed as when the previous procedure is used. If the embosang depths are lower than 
thidmess of h^h retraction index layer, the layer 1 operates as carrier of high refracfi^ 
tayer2only. . 

35. Hgh refraction index layer can be deposited on a previous^ coloured layer 1 and thus 
ttHough the oombhation of their colours (colour of layer 2 depending on the composition and 
Ihidcness used) a required colour effed of transpareitt or semitransparent diffractive element 
can be achieved. 

iTigh refraction index layer 2 can be deposited either at low pressure e.g. using vacuum 
40 evaporation, sputternig or chemical vapour deposition (CVD) technique or at norrnal pressure 
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as solution of chakvgenide based matters using e.g. spraying, painting or spin coaling 
mettiotf. 

The composition o( liigh refraction index layer 2 fonned witli some chalcogenide based 
matters can be modified by exposure or annealmg induced diffusion of metals and/br by 
5 halogens and/or oxygen, which are implanted Mo layer 2 by inieradion of the layer 2 with 
halogen vapours or oxygen or by air hydrolysis. 

Diffradive pattem formed in layer 1 and/or layer 2 can be further rriodffied by exposure 
and/or by annealing and/or t^ seledh/e etching. 

Exposure with radiation of suitable wavelength and rnlensity (values depend on the particular 

10 composition of high refraction index layer (2). e-beam. ions. X-ray radiation eta or anneaTing 
originates structural changes irr high retiraclion index layer or It originates even changes in its 
chemical composition (e.g. diffusion of metal, which is in direct oontad with high refraction 
Mex layer, hydrolysis, oxidation). Thereby a change of the value of index of refraction of 
layer 2 taices place (it. usually^ increases) and thus the difference tietween values of index of 

13 refraction of bearirtg layer 1 and high refraction index layer 2 is modified. It results n a 
differerd optical perception of the product A chemical reaction induced by exposure or by 
anneaSng. e.g. with surrounding atmosphere, can result in the transformation of chalcogenide 
material into fully different compound (e.g. oxide); the product of such reaction must again 
salis^ |he condition, that its index of refraction is h^er than 1,7. 

20 Local exposure through the mask 6t holographic exposure or local annealing can produce a 
record of a further pattern, including hologram or other diffiracOve element into the high 
refraction index layer 2; the record can be either amplitude (based on (fifferent absorption 
coefficient of exposed and unexposed part of layer 2) or phase type based on eitherififfereni 
values of index of refraction of exposed and unexposed parts of layer 2 or based on (fifferent 

25 thickness of exposed and unexposed parts of the layer 2 (different thidcness can be achieved 
not only direcdy during exposure but also by consecutive etching of layer 2 by using weB- 
known methods): even here can be used the phenomenon of local pholoinduced diffusion, 
hydrolysis, oxidation etc. and the matter of high refraction index layer 2 can. in the place of 
tocal exposure 6r annealing change its chemical oomposAion: resulting record in the Mgh 

30 refiactkm index layer 2 can partly modify visiialperceptton of the hotograina^ 
can be seen h viewMhiough. 

As index of reflracfion values of majority of ch^cogenides exceed the value n = 2, appliCafion 
of chakxigenMes layers as holographic effect enhancing layer 2 deposited on the transparent 
polymeric layers 1 with n < 1.7 results generally in a significant visual perceplton. The 
35 transparency of final hologram or other dimacBve efement can be influenced through the 
IMcknessoriay0r2. 

Another impoitant advantage of chakngenkle materials is the fact., that they can be 
synlhesised in many systems hi amorphous state and their glass forming legkms are 
relatively wide. Being amorphous, these materials have not only vay low scattering losses. 
40 but the possibility to prepare even nonstochnmetric compounds takes place. Gradual mutual 
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substitution of elements (not only S. Se and Te) h the composition of amorphous 
chalcogenides causes continuous changes in their index of refraction and reflectivity. Thus 
enhancement of holographic effect can t>e taSoied*. 

As a result of gradual mutual sut>stitution of elements in the composition of amorphous 
S chalcogenides arise gradual changes of their optkal gap E,*** values (e.g.As«)Sco £0*^ = 2,37 
eV. As«0S«S^ 2.07 eV. As«Se» 1.8 eV) followed by gradual changes in the positioif of 
short vravelenglh absorption edge. Thus the. coiour (for given thidmess) of layer 2 can be 
changed as well and transparent and semitransparent systems of different colours endowed 
with high holographic effect can be produced. So even coloutless polymeric layers 1 can be 

10 used for production of transparentor semitransparent diffractive elements of required colour 
using one (or more) chaicogeriide based layer of sirilable composition as a layer 2. Thus 
composition and thidawss of chalcogenide layer 2 influence signiTicanlly the transparency of 
final product (hologiiam) (Fig. 4) and r^lectivity (pg. 5) and. thus intensity of hotographx: 
perception (it increases with the reflectivity of layer 2). 

15 Amorphous chalcogenides are mainly as thin layers photosensitive to exposure with radiation 
of suitable intensity and vawelenglh (given composilbn of the layer). fr*eam. ions etc. 
This property enat^ us to provide an supplementary correctipn of index of refraction. 
reilecGvity and Iransmls^ of high refiactioa Mex thin layer using exposure induced 
structural changes (Fig. 6), by eiqwswe induced reaction of photosensitive chalcogenide 

20 layer with metal (e.g. Ag) (Fig. 6) or with gas (Oh a«r humidity) induced bansformation hto . 
different chemical substance, which must satisfy the condition that n > 1.7. Similar effect can 
be achieved by annealing. 

If eqgosure or anneaSng are local on^. procedures mentioned in the previous paragraph can 
result ih the formation of an image Onduding holographic one) in the h'gh refraction Mex 

25 biier.viAich can partly modify visual perception of the hologram arid in add^ 

in viewf-through. Sectional vievre of structures developed using photohduced strnduraF 
changes and photonduced metal diffusion are presraited in Fig. '7 and 8. 
Further advantage of above mentioned chalcpgenkJes are ther low melting temperatures 
(usually 100 - 300 'C). They can be therefore deposited by worldwide commonly used 

30 vaaiumevapoiato method As the values of absorption coe^ 

ami vawelength absoiplion ed^ are low, even possibie smaS deviation in the thickness 
influences much less the hologiaphic effect enhancing than when thin metallie layeis are 
used Large areas of chalcogenide layers can be formed relafively easily uOTg coirespond^ 
vacuum evaporaUon equipment The thk*ness tf the dialcogenide layer 2 can be adjusted 

35 bysynchronisngtheevaporationiatewiththefeedspeedoftransparentbearinglayerl. 
Further advantage of amorphous d»lcogenides is the. fact, that mass produdion of 
chalcogenides of many coiiiposiliDhs esdst worldwide and they are thus immediateiy 
CMnmerdally available at affoniable price. 
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Brief descripbon of the drawings 

F^. 1 Sectional view of the diffractive element of the present swention, 1 -transparent tearing 
polynieric layer with nt < 1.7. 2 - high refraction index chalcogenide iiased layer wHh n2 > 1 ,7 
Fig. 2 Opticaf Iransmissivity T and reflectivity R of holograms produced by deposition of thin 
5 high diffractive index layer 2 formed by Cr or Ge on polyethylene layer 1 with hot embossed 
diffracthre pattern 

Rg. 3 Sectional views of sequence creation of transparent diffractive element based on the 
possibinty of creation a diffractive pattern in bearing layer 1 and exploiling of ttie difference in 
index of refraction of layers number 1 and 2. 
10 Fig. 4 Optical transmissivity of holograms produced by deposition of thin h^h diifracSve index 
-layer 2 fonned t>y selected chalcogenide materials on polyethylene layer 1 with hot embossed 
. diffractive pattern 

Hg. 5 Reflectivity of hokigiams pnxhiced 1^ deposition of thin high (fiffractive ifidec layer 2 
formed by selected chaicogenkie materials on polyethylene layer 1 virith hot embossed 

15 diffractive pattern 

Fig. 6 Changes in optical transmissivity T of holograms created by photoexposure and 
diffusion of Ag according to the techniques described in example 2 and 3. 
Fig. 7 Sectional views of sequential steps of creation of transpareril hologram or other 
diffractive element based on the possibiSt/ of creation of a diffracthre pattern bi bearn^ layer 

20 1. exploitbig the deference bi index of refracfion of layers number 1 and -2 and the 
photosensitivity of high refraction index chalcogenide layer 2. 

Fig. 8. Sectional views of sequeiitial steps of creation of transparent hologram or other 
diffractive eleroent based on the possibility of creation a diffractive pattern in bearing layer 1, 
exploiting the difference h the index of refraction of layers number 1 and 2 and 5 (ni. ib r^ 
25 and the photoinduced diffusion of metal 4 nta chalcogenide layer 2 leading to ^ 
doped high refraction index chalcogenide layer 5. 

Fig. 9. Sectional view of possible find product - transparent hologram transfer sheet, which 
once being stuck on the protected article can not be peeled off without its desiniction. 

30 ' Bamples of design 

FoikMnng examples are given fior better understanding of the present invenSoa Transparent 
polyethyleneterephthalale fba ( n s i^) vrittt IMdness 50 pm or polycarfaonale fbl (n » 1^) 
with Ihicluiess 60 pm were employed as layer 1 satisfying condition n < 1,7. Diffractive 
patterns vrere stamped htb these layers using NI sKm and hot embossing method. 

35' Holograms and other cMactiveelenKnts. which were characterised by very low. holographic 
effect, were further treated by some <rf the foBownig processes given in examples 1 to 6. 
Application of IMn chalcogenide layer as holographic effect enhancing, high refraction bxlex 
layer 2 (Fig. 1) is the common vein in all these examples The.possitdity to inodify hologram 
or another diffractive element prepared by technique given in example 1 using vreR iinowin 

40 phenomenon of photonxJuced changes of the structure and properties of dialcogerrides 
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used as high refracb'on index layer 2 is demonstrated in examples 2-4. Example 7 is 
demonstration of relief pattern production bf stamping or pressing the pattern into system 
polymeric layer 1 - chalcogenide high refraction index layer 2 created in advance. All methods 
of fat>ricalion d holograms or other diffiactive' elements falmcation given in Examples 1-7 
S can be used for production of more compHcaled final products, sectional view of one of 
is given n Fig. 9. Bemple of one simpler appGcaUon of transparent holograms of the present 
invention Is given in the Exampte 8. 

Example 1 

10 Thin layers (d = 10 - 500 nm) of GenSbioSeo composition (n = 2.25) were deposited t>y 
vacuum evaporation method (deposSion rale 1 nm/sec, pressure 5.10"* Pa) on bearing layer 1 
from the side of reTief pattern falxkated beforehand in layer 1. In all eases sufHcient 
holographic effect has been achieved as a result of a greater relliected light MensAy. 
Relatively high transparehcy of prepared system has been jxeserved. Relleclivit/ iPg. 5 

15 ORves 1.2) andlransmissivity (Rg. 4 curves 2. 5 and Fig. 6 curve for d = 30 nm) of obtained 
structures depend on the thickness of deposited high refraction index layer 2. Thicker layers 
(of the order hundreds nanometers) being used, spectral dependence of the optical 
iransmissivity and reflectivity was hfluencfid strongly by int^erence phenomena, as 
vawelength of VIS and NIR radiaUon is comparairie with thickness of high refradion index 

20 Iayer2. 

Slmiiar resuHs were obtained when other chateogenide materials, e.g. Ge^SbssSejs (n = 
3,11), ASjoGejoSejo (n = 2.95). (AS(i»So^7)»Teio (n = 2.3) were appfed as layer Z Results of 
appBcatlon of further chakx)genide based systems Ag(AS3Gi9Se5$.i. 6e2oSbtoSn. As^SMSejo, 
As3oSe«Tew as layers 2 satisfying condition n > 1,7 are given in Rg. 4 - 6. Similar results 

25 were acMeved virtieh' other binary (e.g.SenTeio.Ge3aS67).tenuvy(&g.(Astt3sSbi^)9^ 
even more corhplicated (e.g. As«S4oSeioGeu} chak»ger«tes were applied as layer 2. Thin 
layers of more complicated systenis can be prepared tilher by vacuum evaporatkxi of bulk 
samples of the same composition or by slmi^neous evaporatkm of more simple 
chalcogenides from hvo boats (e.g. As«iS(o. 603380. AswSem eta). Enhancement of 

30 ° holograpbic effect has been achieved as weB when chalcogenide layers were deposited 
sequentially. &g. two different holographic effect enhancing layers were deposited 
sequenSaHy. Thin layers of some chalcogenides (makdy of sulphMes, &g. GejjScr) are 
r^tively unstable m the air and can be hydrolysed, thus oxygen.can be built in their structure. 
Even thus hydrolysed layers operate as hqlographk: effect enhancing layers 

35- . . ' ■ 

. Example2 

TMn layer AsizSsB with thickness 100 nm was deposited by technique presented in example 1 
on the carrying layer 1. Thus a signilicarit hotographk: enhancing effect was achieved and the 
hotogam recorded in carrying layer 1 was dearty visible under suitable angle of observation. 
40 The system prepared by this way was modified usmg above described phenomenon of 
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photoinduced structural change in high refraction index layer 2 (where exposed, the layer is 
transformed into a state marked as niimt]er 3 in F\g. 7). Exposition of the system from the 
index of refraction layer 2 side l>y. UV lamp (I = 18 mW/cm') for 300 sec caused a changed 
opGcal transimissivity of the system (Rg. Q accompanied wHh biciease of Mex of refraction 

5 value for about 0,1 and thus holographic effect was enhanced as weV. Local exposure 
through the mask caused only local changes in the transmissivlly and index of refradkm 
(layer 3 m FIg.7) and thus a negative picture (exposed parts are less transparent) of used 
mask was developed in As^tSjt layer, which can be seen in view-through and modifres the 
optical perception of the hologram recorded in the layer 1 when this is observed in reflection. 

10 Similar results were achieved when after deposition of As42Sa layer. stiD before its exposure, ■ 
the system layer 1 - layer 2 was ireated in kxiine vapours, what transformed oompositkin of 
layer 2 mto As-S-I. {feii composilnh- depends on Ihd lemperahire and concentratkm of Ij). 
Even without subsequent exposure chakx)haEde As-S-I layer had an enhanced hok)graphic 
effect 

15 

Examples 

Tttin GeaoSbioSea layer with thickness 30 nm and subsequently 1 0 nm thin Ag layer (layer 4 in 
Fig. 8) were deposited by technkjue presented ki example 1 on carrying layer i. Consecutive 
300 sec exposure with Xe lamp (I » 20 mW/cm') {nduoed difiuskm of Ag into GesoSbtoSco 

20 layer, whfeh was k>ca! only vvheri exposition was provkled through the mask (new composiinn 
layer Ag-GejoSbioSto. marked as layer 5 in Fig 8). New Ag-GeaoSbioSm layer has generafly a 
higher value of mdex of refraction than GenSbioSea layer, final value dependng on the 
- amount of diffused silver. Excessive, unreacted Ag was striped bf dippii^ in diluted HNOa 
(1:1) and thus the picture of the mask was recorded bito orfgitial layer 2. This picture can be 

25 seen in view-through and modifies optical perceplton of the hotogiam recorded in the layer 1 
when this is observed bi reflectkMi 

Example4 

Final product (abricaied in example 3 was Airther bnmersetf in 0,02 moU 1^ solverd. in 
30 .whkdi only high refradkxi index layer 2 is partly soluble. Layer 5 is resistant against this 
solvenL Thus a leSef picture is fomied in chaloogenhie layer whMi can be seen in view- 
through and whk:h again modifies of&si pereeplkm of the hotogiam recorded in the layer 1 
when this is observed in reflecikia 

35 BcampleS ■ 

Thin layer (d = 40'nm) of Ge24^iuSs4]iPrius was disposiled by vacuum evaporatfcsn method 
(depo^n rate 1 nmfeec, pressure SlIOT* Pa) on the bearing layer 1 from the sfcle of relief 
pattern fabricated beforehand in layer 1. AppKcalkm of these materials as a high isfradion 
index layer resulted again in the enhancement of the hotographk: effect, e.g. hotogram 
40 recorded in canying layer 1 was wel seen when observed^inder spedFic angle. 
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Example 6 

Thin As<oSeo layer was deposited using spin coating method at nomiai pressure on the - 
polycartMnate bearing layer 1 from the side <A relief pattern fabricated beforehand in layer 1. 
S Starting solution As4oSgo in n-propylamine was used in concentration 0,8 moI/L Thicknesses of 
prepared layers were in range 0,5 - 2 |im. Deposition of AswSn layer again fed to partial 
improvement of optical perception of the hologram recorded In the layer 1 when this was 
obsen^ed in reflecflon. 

Similar results were achieved when solutiorts of fisaa^ or AsmSed in n-propylamine or 
10 triethylamine were used either for spin coating deposition OF these solvenis were only painted 
on bearmg layer 1. 

Example? 

Thin AsssSk layer (d = 30 nm) was deposited liy vacuuni evaporation liiethod on 
15 polycarbonate bearing layer 1. Relief stnidure was stamped Into this .bOayer from the side of 
high refraction index layer 2 by hot embossing at temperature about 150 "C. After a couple of 
minutes at this temperature, the whole isystem was cooled down dnd only after that thmst 
released. The ptodud had skrdar properties as when AsasSts layer of identical thickness-was 
used to prepare hologram by the technk)ue described in Qcampte 1. An ktenlkxil result was 
20 ' achieved when AsjsSts'layer was deposited on layer 1 by CVDmdhod. 

Example 6 

Th'm layers (d = 20 rnn) of Ge3oSb,aS» coropoafon (n = 2,25) was deposited by vacuum 
evaporation- method (deposition rate 1 nm/sec. pressure 5.10'* Pa) on bearing layer 1 from 

25 Ihesideofrelief pattem'beforehand fobricaled in layer 1. Obtained hqkigram was set on 
doAment wOh text and photo (which had to be protected by applicated transparent hologram) 
and sealed with the document into 175 pm tMck polyester foa piovided with fusible paste. 
With regard to high transparency of the hologram (45% • 8S % in spectral region 400 • 750 
nm, see Fig. 4 curve 5) were both, text and photo, very wen readable and at the same time 

30 with regard to h^h reflection (24-15%. Fig. 5 curve 2) the hoiogiam formed in the bearing 
layer 1 was very well seen beftig observed under specific angle. 
SimBar results (with djfferent level of transparency and hologra;^ effectiveness depending 
on the oomposHibn and thickness of layer 2) were olMied wihen other hoiogiam^ 
with enhanced holographie effect causecl by application of chak»genk)e thin layer 2 piepa^ 

35 by jfnethods presentedin eomples 1 - 7 were used as counterfeit protectirig elements. 

Exafnple of one difbadhre structure whxdi can be prepared accordkig to the present inve^ . 
is given hi Fig. 3 (including processing) and an example of one possible multilayer hologram 
is presented in Fig. 9, where 6 stands for protecting layer wMch protects a high refradkm 
40 Mex layer 2 or bearing layer 1 against environmental effect or against undesirable effect of 
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conseculh« exposure by W lighr and improws reslstivi^ 

adhesive layer which enables either uniepealable or repeaiable anchoAig of the hologram or 
other (fiffradive element on the protected article. 8 stands for fragile layer which ensures 
good adherence of two layers to each other and which depreciates itself during any attempt 
5 to peel off and thus causes irreversible defonnafion and destnjction of the diffractive 
element, 9 stands for the anchor layer, which b usually used to improve adherence of 
adhesive layer 7 to high refraction index layer 2 or to the bearing layer 1, 10 stands for 
adhesive layer providing ciulching of hologram to the carrier 11 before its own appltcaH^ 

10 IndJstrial exploitation 

The present invention is applicable for fabrication of transparent and semitransparent 
(Effradive elements and more particutaity to a transparent and semitransparent type 
. hptograms. Besides of technical applications (e.g. lecord of picture or infwmation} these 
products can be used in such acGvHies of human beings as adveitiseffleni, security sector. 

IS safetytechnique. protection of productorigntaSty.rnoneycounterfeit protection eta 
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PATEMTCLAIMS 

1. Transpaienl and semitiansparent diffradive elements, pailiculariy hotograms. consistvig at 
least of two layers with a different Index of refraction, whereof a First liearing layer (1) is a 
transparent polymer or copolymer having mdex of refraction lower than 1,7 and on said first 

S canying layer is deposited a second holographic effect enhancing high refraction index layer 
(2), characterized In that bi at least one layer a diffraction pattern is shaped, and the h^h 
refraction index layer (2) constituted tjy substances based on chaJcogenides comprising at 
least one of the elements from the group sulphur, selenium, tellurium, has an index of 
refraction h^her than 1 ,7 arxl a metttng temperature lower than 900 'C. the said chalcogernde 

10 based substances t>eing selected from the group of binary, ternary and even more complex 
chalcogenide and/or chalcohalogenide systems, contank^, in adtfflion to S or Se or Te, as a 
more electropositive elennient some of the elements of the L to V. group periodical table of the 
elements Cu, Ag, Au, Hg. B. Al, 6a. fn, U Si, 6e. Sn, Pb, N, P. As, Sb, Bi. 

2. Transparent and semUransparent difiradive elements accoidlng to claim 1, characterized 
15 in that the chalcogenide. based substances also contain at least one transient metal and/or at- 

least one elemail from the rare earth element group. 

3. Transparent and semitranspareni diffractWe element according to claims 1 and 2. 
characterized in that it also consists of a protecting layer (6) andfor an adheswe layer (7) and 
tor a fragOe layer (8) and/or anchoring layer (9). 

20 4. A production process of transparent and-semitransparenldiffiactive elements acconfing to 
claims 1 to 3, characterized in that a diffradive pattern is fomied in the said layer (1) and 
subsequently on said bearmg layer (1) the said high refraction index layer (2) is deposited, 
consisting of one or several layers of chalcogenide based substances of different 
composition, while the deposition of various chalcogenide based substances can be 

25 performed subsequently or simidtaneously. 

5. A pioducfion process according to claims 1 to-2. characterized in that the said high 
refiaciionBidex layer (2) is first deposited on the transparent bearing layer (1) and only after 
that a diffradive pattern is mechanically formed in said high refraction index layer (2). 

6. A produdioh process according to danns 4 and 5, charaderized hi that the high refraction 
30 Index layer (2) is deposited on. said bearing layer (l) cbioufed in advance. 

7. A production process according to claims 4. 5 and 6, characteriKd in that the high 
reflradion Mex layer (2) b deposited under low pressure, &g. by vacuum evaporatioa 
sputtering or chemical vapour deposilion (CVD) lechmque. 

8. A production process acconfing to datms 4, 5 and 6. characterised in that the high . 
35 . relr%tion index layer (2) is deposited under atmospheric pressure. &g. by spraying. paMing 

n- s)!^ coating method. 

9. A production process according to d^s 4 lo 8. charaderized in that the high rdradion 
index layer ^) consisGng of chalcogenide based stibstances is modified with metal using 
rnelat diffuskm induced by exposure or annealing and/or vrith a halogen or oxygen implanled 
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bilo the Mgb refraction index layer ^ composed of chalcogenide based substances by its 
inleradion with halogene vapogis^or interadion with oxygen or llvough air hydro^ 
10. A prDduction process accortKng to daims 4 to 9. characterized in that the diffractive 
pattern fonned in said bearing layer (1) and/or in said high refraction index layer (2) is 
modified in addition by exposure to radiation and/ior annealing and/or selective etcbng. 
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